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T- - HE Engineering Experiment Station was established by act of
the Board of Trustees ofthe University of Illinois- on Decem-
ber.8, 1908. It is the purpose of the Station to conduct
investigations and make studies of iimportance to the engineering,
manufacturing, railway, mining, and other industrial interests of the
State.-
The management of the Engineering Experiment Station is vested
in an Executive Staff composed of the Director and his Assistant, the
Heads of the several Departments in the College of Engineering, and
the Professor of Industrial Chemistry. -This Staff is responsible for
Sthe establishment of general policies governing the work of the Station,
including the approval of material for publication. All members of
the teaching staff of the College are encouraged to engage in scientific
research, either directly or in co5peration with the Research Corps "
composed of full-time research assistants, research graduate assistants,
and special investigators.
The volume and number at the top of the front cover page are
Smemely arbitrary numbers and refer to the general publications of
the University of Illinois; either above the title or below the seal is
given the number of the Engineering Experiment Station bulletin or
circular which ihould be used in referring to theqe publications.
The present bulletin is issued under a cooperative agreement be-
tween the Engineering Experiment Station of the University of IIiois,
and the State GeologicalSurvey. The reports of this coipefative inves-
tigation are issued in the form of bulletins by the Engineering Experi-
ment Station, the State Geological Survey, and the United States
Bureau of Mines, formerly a partner to the agreement. For bulletins
issued by the Engineering Ekperiment Station, address Engineeribg.
Experiment Station, Urbana, Illinois; for those issued by the State
S Geological Survey, address State Geological Survey, Urbana, Illinois;
and for those 'issued by the United States Bureau of Mines, address:
the Director, United States Bureau of Mines, Washington, D C.
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THE MEASUREMENT OF AIR QUANTITIES AND ENERGY
LOSSES IN MINE ENTRIES
PART III
I. INTRODUCTION
1. Object and Scope of Investigation.-This bulletin presents the
results of work which was done at the No. 9 Mine of the Peabody
Coal Company, located at Taylorville, Illinois, during the summer of
1927; and is a continuation of the investigation previously reported in
Bulletins 158 and 170 of the Engineering Experiment Station under
the same title. This present investigation is of further interest be-
cause it attempts a more comprehensive study than was attempted in
the previous work of the quantities and energy losses in both the
high-velocity area of the mine, near the air shaft, and in a low-
velocity room-panel area.
Quantities were determined entirely by the subsectional velocity-
pressure method previously described,* the Wahlen gaget being used
in preference to the Ellison gage to a large extent in the measurement
of pressures less than about 0.02 inch of water, which were frequently
encountered at the lower velocities. The quantity of air flowing was
regulated by changing the speed of the fan, which was electrically
driven, and by modifying the coursing of the air with suitable tem-
porary regulators or curtains as needed,
Energy losses occurring in certain selected lengths of entries, near
the quantity-measuring cross-sections, were obtained as in the previous
investigations (Bulletin 158, p. 49) from measurements of the static-
pressure differentials between the two end sections of the unit, taken
simultaneously with the quantity traverse.
2. Acknowledgments.-The work was done under the general di-
rection of the senior author. The field work was in charge of the
junior author who was also responsible for the working up of the field
data and the analysis of the results. Mr. David R. Mitchell, Instruc-
tor in Mining Engineering, and Mr. P. C. Hsu, a graduate student in
Mining Engineering, assisted in the field work.
The courtesy of the Peabody Coal Company, in permitting these
experiments to be carried on at the No. 9 Mine of that company at
*"The Measurement of Air Quantities and Energy Losses in Mine Entries," Univ. of Ill.
Eng. Exp. Sta. Bul. 158, pp. 17-34.
tFor a complete description of the Wahlen gage see "Investigation of Warm-Air Furnaces
and Heating Systems," Univ. of Ill. Eng. Exp. Sta. Bul. 120, pp. 92-98.
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Taylorville, Illinois, is gratefully acknowledged, as is also the hearty
co6peration of Mr. J. E. Williamson, superintendent of Mine No. 9.
The investigation was carried on under a cooperative agreement
between the Engineering Experiment Station of the University of
Illinois and the Illinois State Geological Survey, and has been part of
the regular work of the Engineering Experiment Station, of which
Dean Milo S. Ketchum is the director, and of the Department of
Mining Engineering, of which Prof. Alfred C. Callen is the head.
II. THE HIGH-VELOCITY ZONE
3. General Features.-The air courses adjacent to the air shaft
are shown in plan and profile in Fig. 1. The downcast compartment
of the air shaft is rectangular in cross-section and concrete lined. It
ends in a sump which is partly filled with water. All the air is deliv-
ered to the north, which necessitates the full quantity making an
abrupt right-angle turn at the shaft bottom. The entry is concreted
on all four sides for four or five feet away from the shaft, and the
top of its junction with the shaft is rounded to a curve of short radius.
Following the concrete are four three-piece timber sets each composed
of two 8-inch by 8-inch props with a length of 70-pound rail as a
crossbar. These are lagged with 2-inch lumber, giving a smooth roof,
save for the crossbars, for about twelve or fourteen feet along the
entry. The next 30 feet are supported by 4-piece sets of round tim-
bers, without lagging. Each set is composed of three posts, two side
and one center, supporting a crossbar. This is followed by a row of
center props with occasional side props for the next forty feet.
There are, however, two entry junctions in this portion of the air
course, each permitting a portion of the air to flow to the south side
of the mine. The first of these deflects from the main air course at
an angle of about 60 degrees to the left and is but 65 feet long to
where it joins the main south air course at a like angle. As will be
noted from its profile and cross-sections (Fig. 1), it is extremely irreg-
ular in nature, due to the fact that it has a "soapstone" roof which
slabs off in huge pieces that have accumulated in piles several feet
high on the floor. This also gives a very variable roof profile, that
reaches a maximum height about 15 feet greater than normal roof
height at the junction of this 65-foot length, which may be called a
crosscut, with the main south entry.
The latter entry joins the main air course leading from the air
shaft, previously described, about 50 feet north of its junction with
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the crosscut, and continues straight northward as the main north air
course (Fig. 1)., This intersection is also at an approximate 60-deg.
angle, so that a roughly equilateral triangle is formed, with a separate
air current splitting off the main air current at each of the two base
angles, to rejoin each other at the vertex, then following the main
south air course to supply the south side of the mine.
North of the junction of the shaft entry with the main north-
south entry, conditions are much like those in the crosscut save that
irregularities are less severe. The shale roof has fallen until the
present roof is from 5 to 10 feet above the top of the coal, for a dis-
tance of about 90 feet to a small concrete overcast across a transverse
manway. The profiles and cross-sections of Fig. 1 show these features.
A few feet beyond the overcast the roof has been maintained at
normal height for some distance by 4-piece timber sets on about 4-foot
centers. The first crosscut north of the manway opens into an ad-
jacent entry on the right, the two parallel entries serving as intake
air courses for the north side of the mine from this point.
The main south entry, beyond the crosscut junction is straight
and untimbered, save for the presence of three or four props in the
upper portion. About 250 feet south of the junction the air course
passes beneath an undercast carrying an east-west haulage road. This
is shown in plan and profile in Fig. 1 and is later described in detail
(p. 13). As soon as the entry floor has regained its normal level
a few feet beyond the undercast an open crosscut into an adjacent
north-south entry is encountered, and from here on the air current is
divided into two communicating currents, supplying the south side of
the mine, an arrangement similar to that previously described for the
north side. These open crosscuts on both the north and south sides
of the mine were taken as the limits of the high-velocity zone.
4. Cross-sectioning.-For reference purposes, an arbitrary zero of
horizontal measurements was chosen in the concreted part of the
shaft entry, about 5 feet from the edge of the sump, upon which sub-
sequent stationing in the high-velocity zone was based. The locations
of the traverse, static, and numerous intermediate cross-sections are
determined by this stationing, as shown in Fig. 1. It was desired to
determine the total quantity of air coming into the mine, but since
the first split was but 20 feet from the air shaft little leeway was
offered in the choice of location for a traverse section. On the whole,
the last of the rail crossbars was thought to offer the most desirable
cross-section in this short distance, so traverse section B was put
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FIG. 2. ENTRY AT SECTION A.
there. Another traverse section (A,) was established beneath the
undercast in the main south, for the measurement of quantities in that
split, quantities in the north split being determined by the difference
between those at B and those at A.
Static sections were established in the air courses at places which
marked off more or less characteristic entry types; a normal one being
the 168-foot length from A,-A, in the main south, a portion of which,
including A,, is shown in Fig. 2. The adjacent undercast is included
between A, and A,. To the north there is an irregular, untimbered
passageway in shale, 68 feet long between C, and C2 , followed by a
26-foot transition zone across the overcast to a 46-foot timbered unit
in coal between C, and C4 (Fig. 3). Numerous intermediate cross-
sections, shown in the maps, were measured to permit an approximate
determination of the average dimensions of the airways.
To reduce inaccuracies in the estimation of losses in the split
area, it was thought advisable to eliminate one of the two main splits,
previously described, thus forcing all the air to the south side of the
mine through one leg of the triangle, rather than to permit it to flow
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FIG. 3. IN THE NORTH SPLIT BETWEEN SECTIONS C3 AND C 4
in indeterminate quantities through both legs. This was done by put-
ting a canvas curtain across the main south at about 0 + 25, thereby
forcing all the air of the south split through the crosscut, save for the
leakage through the curtain.
5. Measurements of Main-current Quantities.-The outline of
section B, located near the air shaft in the main current, and the
scheme of its subdivision, with 20 traverse points, is shown in Fig. 4.
The top and sides, being of steel and wood, respectively, were very
definite down to the point where an accumulation of fine debris from
the shale above the coal surrounds the props, forming sloping floor
corners of a more or less shifting kind. This necessitated taking
occasional measurements between traverses to determine the true
floor line, due allowance being made for the ensuing changes in area
in computing quantities.
Seven traverses were made at this section with the results shown
in Table 1, six of them being in three pairs of duplicate traverses with
the fan at low, intermediate, and high speeds, giving quantities of
ILLINOIS ENGINEERING EXPERIMENT STATION
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TABLE 1
SUMMARY OF TRAVERSE RESULTS AT SECTION B
Measurements made with Ellison Gage
(1) (2)
Tray. Date
No. 1927
1 July 22
2 July 23
3 July 23
4 July 25
5 July 25
6 July 25
7 July 26
Average
(3)
Fan*
Speed
L.
L
H
I
I
H
H
L
I
H
Mean Deviations L
(per cent of mean I
values) H
(4) (5)
Air
Air Quantity
Coursingt (cu. ft.
per min.)
NnS, 46 700
NnSn 46 600
NaSn 90 300
NnSn 74 800
NnSn 72 600
NnSn 91 500
NýS.
N.S.
Nn~S,
127 700
46 650
73 700
90 900
0.1
1.5
0.7
(6) (7)
Section
Area
sq. ft.
63.2
62.3
62.3
62.4
62.4
62.4
62.4
v.,
ft. per
min.
738
748
1450
1200
1160
1460
2050
743
1180
1455
(8)
Vc
ft. per
min.
770
786
1400
1200
1220
1350
1850
778
1210
1375
1.0
6.8
1.8
(9)
V.m/V
0.958
0.952
1.04
1.00
0.960
1.08
1.11
0.955
0.980
1.06
0.3
2.0
1.9
*In all tables references to fan speed are: L, low; I, intermediate; H, high.
tIn Tables 1 and 2, the letters N and S refer to the north and south splits respectively. The
subscripts are: n, normal; s, shorted; b, blocked; r, regulated.
approximately 47 000, 74 000, and 91 000 cubic feet per minute, re-
spectively. The seventh was run at high fan speed with the south
split short-circuited by opening a door leading from the south air
course just beyond the undercast to the main returns. This coursing
is designated as "S shorted" in the table. The quantity for this
traverse was 127 700 cubic feet per minute.
Traversing at this section was undertaken with some misgiving
because of the proximity of the traverse section to the air shaft above
and the split below, as it was feared that these conditions would give
rise to such violent turbulence as to prevent consistent velocity-
pressure measurements. However, most of the traverse points gave
surprisingly good readings, as indicated by the close agreement in
quantities in the duplicate traverse, no two of them differing from
their mean by more than 1.5 per cent (intermediate fan speed). Center
velocities were virtually equally regular, those at high fan speed (av-
erage = 1375 feet per minute) differing by 1.8 per cent from their
mean. The center constants (y-) in duplicate traverses have the
same order of consistency, the maximum deviation of 2.0 per cent
from the mean being in those at intermediate fan speed. A glance at
column 9, Table 1, shows a progressive increase of the center constant
+
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FIG. 5. CENTER CONSTANT CURVE FOR TRAVERSES AT SECTION B
with increasing quantity, suggesting relative changes in velocities
throughout the section as the quantity changes. This is borne out in
Fig. 4, in which the ratio of the traverse-point velocity to the cen-
ter velocity ( ) is noted, and lines joining equal values have been
interpolated for traverses 2B (Q = 46 600), 4B (Q = 74 800), and
7B (Q = 127 700), respectively. The latter diagram, for the maxi-
mum quantity, is, the most expressive of the characteristic velocity
distribution of the section. It shows marked low-velocity zones in the
upper part of the vertical center line (subsection i) and in the lower
left corner, with moderately low-velocity zones in the upper and lower
right corners. The smallness of the shaded portion shows that little
of the cross-sectional area has velocities lower than the center velocity.
This results in the exceptionally high center constant (K-) of 1.11.
The velocity distribution in each of the other two diagrams for lower
quantities is essentially like that of traverse 7B in the location of the
high- and low-velocity zones and the general appearance of the figure,
but it is apparent that at the intermediate quantity of 74 800 cubic
feet per minute about one-half of the area of the traverse net-work
has velocities lower than the center velocity, with a resultant constant
of 1.00; while at the lowest quantity, 46 600 cubic feet per minute,
fully three-fourths of the velocities are below the center velocity. In
this case the center constant is 0.952.
The relationship between the center constant and quantity is
shown graphically in Fig. 5 where the logarithm of the constant (7)
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FIG. 6. LOOKING UPSTREAM FROM SECTION As TOWARD THE UNDERCAST
is plotted against quantity, semi-log paper being used for the purpose.
It will be noted that the points fall in approximately a straight line,
which might be used with fair accuracy to determine quantity from
center velocity-pressure readings only, within the limits of quantity
plotted in the figure.
6. Quantity Measurements in South Split.-In the south split a
traverse section (A,) was located beneath the floor of the undercast
about two-thirds its length below its upstream edge (Figs. 1 and 6).
This section was excellent in so far as size and accessibility were con-
cerned since its area was about three-fourths that of the normal entry
cross-section, thus giving appreciably higher velocities; and the instru-
ment station could be located in the open crosscut but a few feet down-
stream from the undercast. There was, however, one serious objection
to this location due to the abrupt approach to the undercast but
fourteen or fifteen feet above the traverse section, and a possible in-
fluence of the equally abrupt departure but 7 or 8 feet below the sec-
tion. Even with the approach graduated, as was done later (see Fig.
7), there was still a marked change in vertical alinement of the entry
ILLINOIS ENGINEERING EXPERIMENT STATION
FIG. 7. LOOKING DOWNSTREAM FROM SECTION A, TOWARD THE UNDERCAST AFTER THE
APPROACH HAD BEEN MODIFIED
immediately upstream from the traverse section. The extent to which
these factors influenced the flow of air within the section will become
apparent in the course of the following discussion of results obtained
there.
This section was also divided into 20 subsections, the location of
the traverse points being shown in Fig. 9. As was the case with sec-
tion B. the floor was somewhat shifting, and occasional measurements
were taken to allow for resulting changes in cross-sectional area.
Twenty-nine traverses were made in two groups; 24 before the ease-
ment of the undercast approach and 5 after this alteration. The data
pertaining to these traverses are given in Table 2. The results for the
two groups were kept separate for obvious reasons, and will be dis-
cussed accordingly. Instead of being arranged chronologically in the
table, the traverses are grouped according to the air coursing, pro-
gressing from lower to higher quantities.
Three traverses were run with the fan at low speed and normal air
coursing, giving quantities of 19 300, 16 700 and 16 100 cubic feet per
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ALTERATION OF UNDERCAST APPROACH
minute respectively, with an average center constant of 0.660. One
traverse was run with the fan at low speed and the south shorted as
previously described (p. 11) giving a quantity of only 18 700 cubic
feet per minute with a center constant of 0.624. The range in these
results, and particularly the rather small quantity with the south
shorted, might seem to indicate errors in measurement. While the
probable error is greater with low velocities, yet the behavior of the
center velocity and static pressure drop readings support the results
of these traverse readings, and indicate that the air flow was sub-
stantially different at the several times these traverses were made.
Two successive traverses were run on one day with the fan at low
speed and the flow of air through the north split completely obstructed,
save for leakage, by a canvas curtain. This is designated as "north
blocked" in the table. The quantities were 28 000 and 25 400 cubic
feet per minute with a mean center constant of 0.736.
Two traverses were run with the fan at intermediate speed and
normal air coursing, with accepted quantities of 34 800 and 40 500
cubic feet per minute. While the two traverses were run on different
days, and the coursing of the air within the mine may have been
changed, it is quite possible in this case that the discrepancies in the
two quantities may be due largely to errors in the results. This is
borne out by the fact that the latter of the two traverses (No. 6, lines
8-10, Table 2) was run simultaneously with Wahlen and Ellison gages,
in that for each of the 20 pitot tube settings the velocity pressure was
first read on one of these gages, then on the other, the respective quan-
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tities being 38 700 and 42 500 cubic feet per minute, each differing
from the mean by 5 per cent. As has been pointed out previously,*
there is a probable error in any Ellison gage reading of at least one
point (0.001 inch of water) which militates against its use at pressures
much below 0.020 inch of water. As the accepted mean velocity of
about 550 feet per minute has a velocity pressure of this magnitude,
there were a number of traverse points whose velocity pressure was
considerably lower, thus rendering their values as determined by the
Ellison gage very unreliable. For this reason it was thought best to
accept the velocity pressure measurements with the Wahlen gage for
such traverse points in computing the quantity, and the Ellison gage
values for net pressures above 0.020 inch. This gives an accepted
quantity of 40 500 cubic feet per minute.
As far as the large difference between this value and that for the
companion traverse No. 3 is concerned, the total pressure losses regis-
tered in one of the resistance units (A 4-A,) are 0.030 (traverse 3) and
0.037 inch of water (traverse 6), or a 23 per cent increase in total pres-
sure loss accompanying a 16 per cent increase in quantity. While this
is not as great an increase in total pressure loss as is demanded by the
V 2 relationship, the change is appreciable in this case, and is in the
right direction to indicate an actual and substantial increase in quan-
tity. The mean center constant for this coursing (Is) is 0.739.
Three traverses were run with the fan at intermediate speed and
the north split blocked, giving quantities of 47 300, 43 100 and 42 600
cubic feet per minute, respectively, averaging 44 300 cubic feet per
minute, with an average center constant of 0.785. The first of these
traverses has an abnormally high center constant (0.812), suggesting
that the quantity may be too high.
A pair of traverses at high fan speed with normal coursing gave
quantities of 51 500 and 45 800 cubic feet per minute with an average
center constant of 0.783. Three run at high fan speed with the north
split blocked gave the more closely agreeing quantities of 53 600,
51 900, and 51 800 cubic feet per minute, the average center constant
being 0.769.
An additional group of three traverses was run at high fan speed
with the south split shorted and the north split blocked, giving two
quantities in close agreement (52 100 and 53 100) and a third quan-
tity of 62 300 cubic feet per minute. The center constants were 0.760,
0.727, and 0.776, respectively, averaging 0.755. The large quantity in
the third traverse is quite puzzling, as its center constant agrees quite
*Bulletin 158, p. 23.
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well with the average for the group, which suggests that the increase
was an actual one rather than the result of an accumulation of errors
in the measurements. This notion is strengthened by the fact that the
three traverses were made on as many different days, thereby increas-
ing the opportunities for change in air coursing within the mine. The
behavior of the total pressure loss in A4 -Ag in going from 0.060 to 0.086
inch of water, an increase of 43 per cent, with an indicated increase
in quantity from 53 100 to 62 300 cubic feet per minute, or 17 per
cent, from traverse 17 to traverse 23, verifies the evidence previously
suggested for an actual increase in quantity. It may then be con-
cluded that the quantity in a given split might, and in some cases did,
differ by large amounts, from time to time, at one fan speed and air
coursing in the high-velocity zone. Whether this is due to changes in
fan speed or to changes in coursing within the mine cannot be said, but
it is more probably due to the latter cause.
Six "odd" traverses were run at this section during the course of
the work, at quantities intermediate to those obtained in the groups
previously discussed, with a view to making a practically continuous
series of observations for center constant and energy losses over a wide
range in quantity. The results of these traverses are included in Table
2. One traverse (24) is of particular interest in connection with the
simultaneous determination of quantity by both the Wahlen and Elli-
son gages discussed in connection with traverse 6 (p. 15). The same
procedure was followed in traverse 24 as in traverse 6, but the two
quantities (Wahlen and Ellison) agreed exactly (quantity = 36 700
cubic feet per minute). However, if the same principle in determining
an acceptable result is followed here as for traverse 6, that is, using
Ellison subquantities for net velocity pressures of 0.020 inch of water
or more and Wahlen subquantities for lower velocity pressures, a
slightly higher quantity of 36 800 cubic feet per minute is obtained.
This shows that, to some extent at least, the exact check between the
Wahlen and Ellison quantities may have been .a coincidence, which is
probably equally true of the wide discrepancy found in traverse 6,
indicating that random changes may play a large part in quantity
measurements at this section. This is, no doubt, to be expected in view
of the unusual setting of section A, and the abruptness of the approach
to the undercast. Indeed, it must be said that quantity determinations
were less consistent here than at any other high-velocity section at
which this work has been attempted to date, emphasizing the fact that
uniform approach conditions should be secured whenever possible.
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The authors feel, however, that the variations in results obtained
with apparently the same fan speed and air coursing very largely rep-
resent actual changes in air flow, and, to a much smaller extent, the
probable errors that may normally be expected. While this work was
done during the period of suspension in the summer of 1927, and while
the mine was therefore "idle," yet almost every day some of the mine
officials were at work in various parts of the mine. As the mine was
classed as non-gassy, no methane having been detected at any time,
some main door might be kept open during working hours. In this
way the air distribution was changed at various times and such changes
were reflected in the distribution to the two sides of the mine at the
main split. While "normal coursing" is spoken of throughout this
bulletin, yet it means only that coursing was normal as far as changes
made by the test party were concerned.
Noting the wide fluctuations recorded in Fig. 22, Bulletin 158, ob-
tained during normal operation at. the Kathleen mine, as well as from
common knowledge of the variations in air flow caused by opening
and closing doors (e.g., Table 1 shows an increase of 40 per cent in
total quantity caused by short circuiting the south side by opening a
main door), it should be evident to all who carry on ventilation test
work of whatever nature that unchanging conditions of air flow can-
not be counted on unless there are no workers, except the test party, in
the mine, and unless the fan speed is constant.
7. Air Flow at Section A,.-Column 13, Table 2 ('=- shows that
there is a very perceptible rise in center constant with quantity up to
about 35 000 cubic feet per minute. This relationship is shown graph-
ically in Fig. 8 where the logarithm of center constant is plotted
against quantity, as was done for section B.
V
The diagrams of equal V- ratios of three traverses are given in
Fig. 9. They represent progressively larger quantities with normal air
coursing. Traverse 18A. was made at low fan speed, the quantity be-
ing 16 100 cubic feet per minute. Two low negative velocity pressures
were encountered in this traverse at subsections e and m, which were
arbitrarily treated as representing zero velocity. Traverse 3A, was
made at intermediate fan speed, the quantity being 34 800 cubic feet
per minute, and traverse 9A, at high fan speed, with a quantity of
51 500 cubic feet per minute. All three are of the same type with a
horizontal stratification in the upper half and a high-velocity zone to
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the right of the center. The locus of the center constant line (V)is
practically the same in all three cases, but as its value increases with
increasing quantity this means that the velocities become relatively
higher, with respect to center velocity at a given point on this line,
with higher quantity. Another evidence of the same condition is the
fact that a given ratio line, say the 0.50 line, moves farther from the
center with each increase in quantity. The result is that there is a
definite tendency for the ratio of mean velocity to center velocity to
increase with increasing quantity at this section.
Following this series of 24 traverses, the approach to the under-
cast was modified as shown in Fig. 7 so as to give the air a much less
abrupt passage from the normal air course to the undercast. This was
done by carrying a smooth board deflector the full width of the entry
from its roof about 20 feet upstream from the north wall of the under-
cast to the floor of the air bridge and by smoothing the sides with can-
vas curtains for some distance above the undercast. While the large
amount of work involved in making this alteration somewhat changed
the floor profile at section A,, the effect was but a moderate increase in
area to 73.8 square feet, which was allowed for in computing sub-
quantities, the same traverse points being used as before the alteration.
Only five traverses were run after the alteration at quantities
ranging from 19 000 to 95 600 cubic feet per minute, no two of them
being duplicates. The results are shown in Table 2. It is apparent
that the change in approach conditions brought about a marked change
in center constant and, as is to be expected, radical changes in the dis-
tribution of air flow throughout the section. This is shown in Fig. 10,
where diagrams of equal V; ratios at low, intermediate, and high
fan speeds with normal coursing, corresponding to Fig. 9, taken under
like conditions before the alterations, are shown. Traverse 25A5 is for
low fan speed, the quantity being 19 000 cubic feet per minute, ap-
preciably higher than that of traverse 18A, (quantity = 16 100 cubic
feet per minute.) Traverse 27A, was taken at intermediate fan speed
with a quantity of 37 600 cubic feet per minute, about 10 per cent
higher than that of traverse 3A,. Traverse 26A, was made at high fan
speed, the quantity being 43 700 cubic feet per minute, considerably
below the quantity of traverse 9A,. These large differences in quan-
tity for like conditions undoubtedly represent changes in air flow due
to variations in fan speed or other conditions within the mine, as pre-
viously pointed out.
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The three diagrams possess the common characteristic of a zone
or zones of higher velocity above and to the right and left of the cen-
ter and one of lower velocity below and to the right of the center. As
compared with those representing conditions before the alteration, the
relative increase in velocity along the upper row of points and at the
sides is notable. Furthermore, there is a much narrower range in
velocity after the alteration than existed before, as shown by the com-
parative flatness of the later diagrams. The obvious effect of the im-
provement was to distribute the flow of the air more nearly uniformly
throughout the cross-section, largely by enabling it to flow more freely
in the upper part.
In Fig. 11, the quantity at section A, after alteration is plotted
logarithmically against the center velocity pressure to permit the de-
termination of quantity directly from center velocity pressure readings
in connection with later work. The five points are fairly well repre-
sented by a slightly curved line. Since the velocity at a given point
is proportional to the square root of the velocity pressure, the logarith-
mic quantity against center velocity pressure curve would be a
straight line with a slope of 0.5 if there were no change in center con-
stant with quantity. The upward convexity of the line of Fig. 11 sug-
gests a slight decrease in center constant with increasing quantity.
Column 12, Table 2, shows this to be true for quantities above 37 000
cubic feet per minute.
8. Energy Losses in South Split.-Two lengths of the Main South
air course were taken as major resistance units; the first from A1-A,
included 168.4 feet of "straight" untimbered entry with but one cross-
cut; the second from A,-A, was 80.3 feet in length (Fig. 1). This unit
includes the undercast with its approach and departure, in so far as it
was possible to include the latter. Figure 1 shows that the floor of the
entry did not resume its normal level at the bottom of the coal until
it was opposite the open crosscut just south of the undercast. Since
the air current was split at the crosscut, it was necessary to locate the
static section (A,) a little bit above the upstream edge of the crosscut
to avoid introducing any effects from the crosscut. Here the floor was
sloping rapidly. With a level roof this put section A, in a place where
the cross-section was changing rapidly, which may have introduced
error into its static pressures due to turbulence and imperfect conver-
sion from static to velocity pressure as the air flowed into smaller and .
smaller cross-sections. In fact, the sum of the static pressure drop
from A1-A, plus that from A4-A. seldom equalled that from A,-A6 ,
as measured on the gages, the discrepancy being relatively large in
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some cases, when it was necessary to adjust the readings to the most
probable values which would meet this condition.
9. Energy Losses in Straight Untimbered Entry A 1-A,.-Energy
losses were obtained in the manner previously described (Bulletin 158,
p. 49), the results for this unit being shown graphically in Fig. 12
,where the energy loss in foot pounds per minute per 100 feet of entry,
or per unit, is plotted logarithmically against the air quantity in cubic
feet per minute. While the points are rather scattered, they are fairly
well represented by a line broken at a quantity of about 42 000 cubic
feet per minute, the equation for the lower portion being
Energy loss per 100 ft. = 30.4 Q- ) ft. lb. per min.
10 000
and for the upper
Energy loss per 100 ft. = 12.0 Q6- ) ft. lb. per min.
10 000
This tendency of the logarithmic energy loss curve to become steeper
with increasing-mean velocity has often been noticed in this work and
probably means that as a rule an equation of the type used above is ap-
plicable only over a somewhat restricted range in velocity.
At a quantity of 30 000 cubic feet per minute (Vm = 320 feet per
minute), calculation shows k in the standard expression 5.2 ia ksV 2
to be 31 X 10-10. This is about the value obtained for the concrete
entry described in the work of the previous season at a like mean
velocity (Bulletin 170, page 43). At a quantity of 60 000 cubic feet
per minute, k becomes 33 X 10-10.
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FIG. 12. ENERGY Loss CuRVES FOR A-UNITS
10. Energy Losses Due to Undercast Before Alteration.-Nearly
20 determinations of the energy losses were made in the undercast unit
A4-A 6 , before the alteration of the approach to the undercast, at quan-
tities ranging from about 20 000 to more than 60 000 cubic feet per
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TABLE 3
ENERGY LOSSES AT UNDERCAST, BEFORE AND AFTER ALTERATION
1. Air Quantity (cu. ft. per min.) 10 000 20 000
2. Energy loss, A4-A6 before alteration, ft. lb. per
m in........................................ 155 1 080
3. Energy loss, Ai-A 6 after alteration, ft. lb. per
m in ........................................ . 55 450
4. Energy loss in equal length (80.3 ft.) of normal
entry, ft. lb. per min........................ . 25 160
5. Net energy loss due to undercast before altera-
tion, ft. lb. per min... ..................... 130 920
6. Net energy loss due to undercast after altera-
tion, ft. lb. per min ......................... . 30 290
7. Reduction in net undereast energy loss due to
alteration, ft. lb. per min...................... 100 630
8. Per cent reduction in net undercast loss due to
alteration ................................... 77 68
9. Energy loss per foot of normal entry, ft. lb. per
m in........................................ . 0 .3 2 .1
10. Equivalent length of undercast before alteration,
ft..................................... ..... . 430 440
40 000
7 700
3 830
1 100
6 600
2 730
3 870
59
14.0
470
11. Equivalent length of undercast after alteration, I
ft.......................................... 100 140 195
12. Reduction equivalent length of undercast due to I
alteration, ft ................................ 330 300 275
80 000
55 000
32 400
11 300
43 700
21 100
22 600
52
143
305
145
160
Data for lines 2, 3, 4 and 9 are taken from curves of Fig. 12, proper allowance being made for
assumption of different lengths of entry in lines 4 and 9.
Line 5 = line 2 - line 4. Line 10 = line 5 + line 9.
Line 6 = line 3 - line 4. Line 11 = line 6 - line 9.
Line 7 = line 5 - line 6. Line 12 = line 10 - line 11.
Line 8 = line 7 X 100
line 5
minute. The losses per unit, rather than for 100 feet of like entry, are
plotted logarithmically against quantity in Fig. 12. They are ap-
proximated by the line whose equation is
Energy loss for A.-A, =155 10 ft. lb. per min.
For purposes of comparison, the losses in this unit and the losses in an
equal length (80.3 feet) of untimbered entry like A1-A, were computed
for four different quantities. The net loss due to the undercast is the
difference between the two. This is given in Table 3, which also shows
the corresponding losses per foot of normal entry, and the ratio of net
undercast losses to these; or the length of normal entry to which the
undercast is equivalent, as a source of energy loss, both before and
after the alteration. While the maximum and minimum quantities
represent extrapolations of the plotted curves, their inclusion seems
justified for the purposes of this analysis. The net undercast losses
before alteration (line 5, Table 3) are plotted logarithmically against
quantity in Fig. 12, where they fall along the line whose equation is( Q \ 2.8o
Energy loss = 130 \10 -Q ft. lb. per min.
This line is a little lower than and almost parallel to the line represent-
ILLINOIS ENGINEERING EXPERIMENT STATION
ing the A,-A, unit losses. Line 10, Table 3, gives the length in feet of
normal entry as represented by A1-A, required to produce energy losses
equal to the net undercast losses. Since the line representing the latter
item is steeper than that representing the normal-entry losses at quan-
tities below 42 000 cubic feet per minute, but much less so at higher
quantities, the equivalent length of the undercast increases slightly up
to this quantity, then falls off rapidly as shown in Fig. 12, in which the
values of this item (line 10, Table 3) are plotted against quantity.
11. Energy Losses Due to Undercast After Alteration.-Six energy-
loss determinations were made for this unit after the approach to the
undercast had been modified, as previously described (p. 22), at quan-
tities ranging from 19 000 to 95 600 cubic feet per minute. The re-
sults are plotted in Fig. 12. These data are represented by a line
whose equation is
/ Q \3.08
Energy loss for A,-A,, after alteration, = 55 Q Y08) ft. lb.
10 000
per min. Table 3 shows the net undercast losses after the improvement
at the four quantities used in discussing the losses before alteration,
with a study of the gains resulting from the improvement.
In comparison with line 5, line 6 of this table shows the losses at
a given quantity to be much lower after the alteration than before;
the saving in foot pounds per minute is given in line 7, and the per
cent reduction from the losses before alteration in line 8. The net
losses after alteration are plotted against quantity in Fig. 12, and give
a line which lies well below the losses before alteration, and whose
equation is
/ Q \3.10
Energy loss = 30. 000) ft. lb. per min.
Similarly, the savings resulting from the improvement (line 7,
Table 3) are also plotted in this figure, ranging from 100 foot pounds
per minute at a quantity of 10 000 cubic feet per minute to 22 600
foot pounds per minute at 80 000 cubic feet per minute. For an aver-
age quantity for this split, about 40 000 cubic feet per minute, the
saving is nearly 3870 foot pounds per minute. The relative reduction
in losses (line 8, Table 3) decreases with increasing quantity, being
about % at 10 000 cubic feet per minute and about % at the assumed
maximum quantity of 80 000 cubic feet per minute.
12. Quantities in North Split.-In attempting to make a complete
survey of the losses in the high-velocity zone, it would have been de-
sirable to measure the quantity in the north and south splits directly,
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as well as the main current, but the physical conditions in the north
split are everywhere so irregular as to make traversing there infeasible,
the only recourse being to determine the north quantities by the dif-
ference between the main current and the south split, each of which
could be measured by traversing. This gives no check between the
measurements of the main quantity and the sum of the component
split quantities, and also throws the undetected errors of quantity de-
terminations of the main current and the south split into the north
quantity. Withal, however, reasonably consistent results were ob-
tained, as will be noted in the discussion of energy losses (pp. 30-34).
Since the static pressure differentials in the north split were read while
traversing at section B was in progress, the main current (B) quantities
were used directly in computing the north split quantities, and a cen-
ter velocity pressure standard was maintained at section A, permitting
the determination of the center velocity pressure at that section and
the static drop from section B to section A5 for each B traverse. It
then became necessary to estimate the south split quantities from the
center velocity pressure at A,, which was done by plotting the quantity
at section As, after alteration, since the traversing at B followed that
at A,, against the center velocity pressure as determined in the five
traverses at A5 which followed the alteration. These data, while by no
means ideally distributed, can be acceptably approximated by a gent-
ly curved line when plotted on logarithmic paper as in Fig. 11, which
was used in determining the quantity at A, from its center velocity
pressure while traversing at B.
13. Losses in North Split.-Four static sections C,, C2, C3, and C4
were established in the north split as shown in Fig. 1. No two of them
are alike in size, shape, or surroundings, and this marked diversity,
which was unavoidable in this portion of the air course, apparently led
to discrepancies in the static pressure drops similar to those encount-
ered in the south split, in that the sum of the static pressure drops of the
individual units C1-C 2, C2-C3, and C3-C, frequently was at variance
with the static pressure drop as read for the composite unit C1-C4 , at a
given quantity, necessitating adjustment to the most probable values,
as previously mentioned (p. 25). This is probably largely the result
of lack of immediate and perfect conversion from static pressure to
velocity pressure and vice versa where the cross-sectional area changes
so rapidly and unsystematically. This source of error, coupled with
the uncertainty in quantity previously pointed out, means that the
losses calculated for the two principal units in this split, C1-C 2 and
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FIG. 13. NORTH AIR COURSE AT SECTION C2
C3-C 4 , can at best be only close approximations to the true losses,
which could not be determined with greater accuracy under the cir-
cumstances.
14. Losses in Unit C1-C 2.- This unit, which is 68.0 feet long (Figs.
1 and 13), might be termed a rock entry as caving of the roof with
consequent filling of the floor has taken it almost entirely above the
level of the coal. While there are no timber obstructions, the entry is
extremely irregular in plan, profile, and cross-section to an extent that
can only be appreciated by being in the entry itself. The smooth-line
representations of Fig. 1, based as they are on a few cross-sections,
give rather a false impression of gradual changes. Four acceptable
energy loss determinations were made for this unit with results shown
in Table 4. Computed to a basis of losses per 100 feet of similar entry,
they are also plotted logarithmically against quantity in Fig. 14, where
they are approximated by the line whose equation is
Energy loss = 72 1( Q ft. lb. per min. per 100 ft.
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This equation has, of course, a rather high exponent, which means that
the losses increase rapidly at the higher quantities.
The last line of Table 4 gives the ratio of the loss in C1-C, to that
in an equal length of normal entry (Ai-A,) for the quantity of air
noted in line 6. The lack of greater consistency in this item with re-
spect to quantity is undoubtedly a reflection of the unavoidable errors
encountered in the work, but it is evident that the losses in an entry
like C1-C 2 are from 4 to 5 times as great as those in a normal entry
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TABLE 4
ENERGY LOSSES IN UNIT C1-C 2
1. Traverse No. at Section B...................... 1 2 5 6
2. Fan speed.................. ............... L L I H
3. Air quantity at section B, cu. ft. per min........ 46 700 46 600 72 600 91 500
4. Center velocity pressure, section A, inches of
water...................................... 0.006 0.0055 0.015 0.026
5. Air quantity at section A, cu. ft. per min. ...... 20 000 18 500 36 300 43 000
6. Air quantity, Ci-C2, cu. ft. per min............. 26 700 28 100 36 300 43 000
7. Total pressure loss Ci-C2 , inches of water. ...... 0.0097 0.0105 0.0204 0.0278. Energy loss, Ci-C2, ft. lb. per min.............. 1 350 1 530 3 850 6 030
9. Energy loss per 68 ft. of normal entry at air
quantity of unit Ci-C2, ft. lb. per min .......... 315 360 735 1 180
10. Ratio of energy loss CI-C2 to normal ........... 4.3 4.3 5.2 5.1
Line 5 obtained from Fig. 11.
Line 6 = line 3 - line 5.
Line 9 from Fig. 12.
Line 10 = line 8 - line 9.
TABLE 5
ENERGY LOSSES IN UNIT C 3-C 4
1. Traverse No. at Section B......................
2. Fan speed...................................
3. Air quantity, C3-C4, cu. ft. per min..............
4. Total pressure loss, C3-C4, in. of water...........
5. Energy loss, C3-C4, ft. lb. per min...............
6. Energy loss per 46.0 ft. of normal entry at air
quantity of unit Ca-C4, ft. lb. per min. ...........
7. Ratio of energy loss C3-C4 to normal ............
1
L
26 200
0.0117
1 590
200
8.0
2
L
27 500
0.0116
1 660
230
7.2
5
I
35 500
0.0257
4 750
460
10.3
6
H
42 100
0.043
9 420
740
12.7
Line 3 = 98 per cent of air quantity Ci-C2.
Line 6 from Fig. 12.
Line 7 = line 5 + line 6.
like A1-A 4, taken length for length, and at like quantities. For unit
C1-C, at a quantity of 30 000 cubic feet per minute k is 107 X 10- 10
and 126 X 10-10 at 50 000 cubic feet per minute.
15. Losses in Unit C3-Cs.-This unit, which is 46.0 feet long, is
more nearly normal in cross-section, alinement, etc., than is C1-C 2 , be-
ing in the coal seam, but it is heavily timbered with four-piece sets as
shown in Figs. 1 and 3. Moreover, conditions in the unit were quite
irregular, some of the timbers being broken, resulting in minor roof
falls with scattered accumulations of debris on the floor. The four
energy loss determinations for this unit were taken simultaneously with
those for C1-C 2. The results as for 100 feet of entry are also plotted
in Fig. 14 where they are represented by the line whose equation is
Energy loss = 59 ( 0 41 ft. lb. per min. per 100 ft.(l Qu )
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TABLE 6
ENERGY LOSSES IN HIGH-VELOCITY ZONE
1. Fan Speed .................................
2. Total mine air quantity, cu. ft. per min .......
3. Air quantity in south split, cu. ft. per min ....
4. Air quantity in north split, cu. ft. per min.. . . .
5. Total energy, section B, ft. lb. per min. .......
6. Total energy, section As, ft. lb. per min ........
7. Total energy, section C4, ft. lb. per min ........
8. Total energy in splits at As and C4, ft. lb. per
m in u  .......................................
9. Energy loss, B - (As + C4), ft. lb. per min ....
10. Energy loss, A5-A6, ft. lb. per min ..............
11. Total energy loss, high-velocity zone, ft. lb.
per m in ...................................
12. Distance traveled by total mine air quantity,
ft .........................................
13. Distance traveled by south split air quantity,
ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
14. Distance traveled by north split air quantity,
ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
15. Energy loss in equal length of normal entry at
like air quantity, mine quantity, ft. lb. per min.
16. Energy loss in equal length of normal entry at
like air quantity, south split quantity, ft. lb. per
m in ............... ......... ..... ..........
17. Energy loss in equal length of normal entry at
like air quantity, north split quantity, ft. lb.
per m in ...................................
18. Total energy loss as for straight normal entries,
ft. lb. per m in..............................
19. Ratio of actual to normal energy losses .......
L
46 500
20 000
26 500
24 200
3 200
800
4 000
20 200
400
20 600
12
353
204
300
700
900
1 900
10.8
I
73 500
38 000
35 500
94 000
15 800
2 100
17 900
76 100
3 100
79 200
12
353
204
1 300
4 200
2 000
7 500
10.6
Line 2 = approximate average quantities for given fan speed and normal air quantities.
Line 3 =quantity obtained from Fig. 11 (air quantity at section As against center velocity
pressure, after alteration) using the average of the observed center velocity pressures at section As
for the given fan speed.
Line 4 = line 2 - line 3.
Lines 5, 6, and 7 are based on the static pressure at section C4 as an arbitrary datum of zero
static pressure.
Line 8 = line 6 + line 7.
Line 9 = line 5 - line 8.
Line 10 from Fig. 12.
Line 11 = line 9 + line 10, and represents the total energy loss due to friction, splitting and
bends.
Lines 12, 13, and 14 from Fig. 1.
Lines 15, 16, and 17 from the energy loss curve for Ai-A 4, Fig. 12, due allowance being made
for the different lengths and quantities involved.
Line 18 = line 15 + line 16 + line 17.
Line 19 = line 11 + line 18.
This is the highest exponent found in this work. A comparison with
normal entry losses similar to that for C,-C 2 is made in Table 5.
It will be noted that the quantities C,-C, are 2 per cent less than
those of C 1-C, for each traverse. This is an arbitrary correction ap-
plied to make allowance for leakage known to exist at the overcast
between C, and C,, and while it is certainly in the right direction, it
is only a guess as to magnitude, as no attempt was made to measure
the leakage, which was audible, but plainly not relatively large in
volume. While the ratios of losses in this timbered unit to those in an
equal length of normal entry do not vary consistently with quantity,
it is clear that the C3-C4 losses are about seven to twelve times as large
H
91 000
48 000
43 000
175 000
29 400
3 800
33 200
141 800
6 100
147 900
12
353
204
2 500
9 000
3 500
15 000
9.9
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as the normal entry losses, and fully twice as great as those from
C,-C 2. At 30 000 cubic feet per minute k = 245 X 10-10 and at 50 000
cubic feet per minute k = 425 X 10- 10, showing the rapid increase in
this item with increasing quantity, due to the marked steepness of the
energy loss curve (Fig. 14).
16. Total Losses in High-velocity Zone.-The work at section B
was done in a way that permits the calculation of the overall energy
losses from section B in the main air current near the downcast shaft
to the first open crosscut, or secondary split, on each of the main
(north and south) splits. From that point on, in each case, two par-
allel entries serve to carry the air at about one-half the velocity of the
high-velocity zone, and, presumably, at about one-eighth the energy
loss for equal effective lengths of entry.
Only three conditions of air flow need be considered in this con-
nection, that is, low, intermediate, and high fan speeds, each with nor-
mal coursing. The respective average quantities and resulting energy
losses are shown in Table 6.
Since the drops in static pressure from section B to A5 and from
B to C, were read during the work at section B, it is possible to com-
pute the total loss in energy involved in coursing the respective quan-
tities of air noted from section B to sections A5 and C4 . This is done
by assuming a zero datum of static pressures at one section and com-
puting the total energy above this datum at each split-section accord-
ing to the formula e = 5.2 Q (vp + sp)
where
vp = the velocity pressure in inches of water, corresponding to
the mean velocity of the air through the section.
sp = the static -pressure in inches of water at the section. This
is measured above the arbitrary datum, at section C4 in
this case.
Q = quantity of air in cubic feet per minute flowing through
the section.
e = total energy at section, based on an arbitrary datum of
static pressures, in foot pounds per minute.
Obviously, the difference between the total energy at the main-
current section (B) and the sum of the total energies at the two split-
current sections (A, and C 4) is the desired loss in energy, which is
given in line 9, Table 6. To this is added the energy loss from A5 to A6,
which is shown in Fig. 12, the total being the overall energy loss from
section B near the air shaft, virtually to the limits of the high-velocity
zone.
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TABLE 7
COMPARISON OF OBSERVED WITH ATTAINABLE ENERGY LOSSES
IN HIGH-VELOCITY ZONE
1. Fan Speed ................................. L
2. Total mine air quantity, cu. ft. per min. ......
3. Observed energy losses in high-velocity zone, ft.
lb. per m in ................................
4. Friction losses in equal lengths of normal entry
at like air quantities, ft. lb. per min. ........
5. Split and bend loss, ft. lb. per min ............
6. Undercast loss, ft. lb. per min ................
7. Overcast loss, ft. lb. per min .................
8. Total losses with normal entries, ft. lb. per min.
9. Ratio of observed energy losses to those attain-
able with normal entries.....................
10. Decrease in energy loss with normal entries, ft.
lb. per m in ................................
11. Per cent reduction in energy losses............
46 500
20 600
1 900
1 900
300
300
4 400
4.7
16 200
79
I H
73 500 91 000
79 200 147 900
7 500 15 000
7 500 15 000
2 200 4 600
2 200 4 600
19 400 39 200
4.1 3.8
59 800 1 108 700
75 74
Line 3 = line 11 Table 6
Line 4 = line 18 Table 6
Line 5 assumed to be equal to corresponding items of line 4
Line 6 from Fig. 12
Line 7 assumed to be equal to corresponding items of line 6
Line 8 = lines 4 + 5 + 6 + 7
Line 9 = line 3 + line 8
Line 10 = line 3 - line 8
Line 11 = line 10 X 100
line 3
Table 6 is drawn on such broad general lines that errors as high
as 10 or 20 per cent would not materially affect the approximate ten
to one ratio of actual to normal entry losses. However, this cannot
be taken as meaning that the losses in the high-velocity zone would be
only one-tenth as great as they are now if the air courses were every-
where like the normal, A1-A4, for the losses due to the split, bends,
overcast (north) and undercast (south) are still to be added to the
pure friction losses represented in line 18, Table 6. With the exception
of the undercast losses, these are all somewhat problematical, but
there is reason to think* that the combined split and bend losses are
substantially less than the existing friction losses. For the sake of a
comparison, it may arbitrarily be assumed that they would equal the
friction losses if the air courses were all of the normal type. Then if
the losses at the overcast are taken as equal to those at the undercast,
Table 6 is easily converted into Table 7.
Thus the disparity between actual and attainable losses is reduced
from a ten to one to a four or five to one ratio with indicated possible
savings of three-fourths the present power consumption in the high-
loss part of the mine, or a saving of about two horsepower at an aver-
age mine quantity.
*Unpublished data of this investigation.
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III. MEASUREMENTS IN LOW-VELOCITY ZONE
17. Area Chosen.-A part of the southeast section of the mine
was selected as offering a desirable range of conditions for measure-
ments of quantities and energy losses well within the mine. This par-
ticular section of the mine was chosen because of the opportunity af-
forded to study air flow at rather low velocities, to measure leakage
through stoppings* and to determine energy losses in panels in several
stages of mining. With the exception of the data given in Part I of
this study (Bulletin 158), there is little if any information available
on panel losses. As may be seen by reference to Fig. 15, this section of
the mine gave four interesting conditions: (a) a stretch of about 4100
feet of development entries south of the eighteenth east and west cross
entries; (b) a pair of panel entries, 17 and 18 east, with no rooms
driven; (c) a pair of panel entries, 15 and 16 east, with rooms driven
up about half length; (d) a pair of panel entries, 13 and 14 east, with
rooms just worked out. A continuous series of resistance units was
established beginning with section D, in the first southeast entry just
south of the eighteenth west and ending with section K in the thir-
teenth east just inbye the second southeast (Fig. 15).
Quantities were measured at seven sections in this area, the loca-
tion of the respective traverse and static sections being shown in Fig.
15. During most of these tests the fan was run at high speed and all
splits other than the one through the southeast section were blocked
with temporary canvas stoppings, each of which permitted some leak-
age; otherwise the entire mine air flow would have passed through the
territory in question. As it was, quantities were surprisingly low, the
mean velocity not reaching 500 feet per minute in a full-sized entry
cross-section. In fact, the velocity pressures were so low that virtually
all the traversing had to be done with the Wahlen gage, which made
the work much slower than similar work in the high-velocity zone.
Figure 15 also shows the location of the doors in the territory
which were used in controlling the air delivered to this section by what-
ever combination of fan speed and split-blocking was desired. Each
door has been given an arbitrary number by which it is referred to in
the text.
18. Quantity Measurements at D,.-Section D, is in the eight-
eenth east entry about 20 feet off the second southeast. It is in an
irregular portion of the entry which is timbered with 3-piece sets on
about 4-foot centers. The sides and top were smoothed with canvas
*The stoppings in this portion of the mine were made of 1-inch shiplap and were notched
into the rib, but were not plastered.
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FIG. 16. EIGHTEENTH EAST ENTRY AT SECTION D 3
for a set above and below the traverse section, Fig. 16, the top piece
being carried back two sets below the section. The outline of the sec-
tion, which has an area of 55.7 square feet, and the location of the 20
traverse points used are shown in Fig. 17, as well as the isovel lines
for traverse 7 D:,.
Eight traverses were made at this section, with the results shown
in Table 8. Traverses 1, 2, and 5 were run with the fan at high speed
and the air coursed to the southeast section, no doors being opened.
The quantities were 21 200, 23 700, and 21 100, averaging 22 000
cubic feet per minute with an average deviation of 5.1 per cent. Three
other traverses (4, 6, and 7) were run under like conditions save that
door 2 was opened, thereby permitting a more direct passage of the air
through section D,. That this resulted in a moderate increase in quan-
tity is indicated by the higher quantities of 24 600, 23 200, and 24 700,
averaging 24 200 cubic feet per minute, with an average deviation of
2.6 per cent. This average quantity is just 10 per cent higher than the
average obtained with door 2 closed. Two other traverses were run:
one, No. 3, at virtually normal air quantities and coursing, the fan be-
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FIG. 17. ISOVEL DIAGRAM. TRAVERSE 7. SECTION DT
FIG. 18. ISOVEL DIAGRAM, TRAVERSE 2, SECTION Et
ing at intermediate speed, which gave but 14 000 cubic feet per minute
through section D,; the other, No. 8, with door 1 partly opened so as
to regulate the flow through D, to give a quantity intermediate be-
tween 14 000 and 20 000 cubic feet per minute. The value actually
obtained, 15 300 cubic feet per minute, is somewhat lower than was
intended.
There is no check on any of these quantities save the consistency
of the two sets of traverses each with average deviations of 5.1 and
2.6 per cent, which indicates a fair degree of accuracy.
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TABLE 8
TRAVERSE RESULTS AT SECTION Da
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Trav. Date Fan Air Tray- Quantity Vl V, V,
No. 1927 Speed Coursing* erse cu. ft. ft. per ft. per Gage V,,/V,
gage per mmin. minun. minm.
1 July 29 H SE W 21 200 383 374f W 1.02t
499 W 0.856
2 Aug. 1 H SE W 23 700 427 507 E 0.842
3 Aug. 1 I Normal W 14 000 251 220: W 1.14t
1472 W 0.9354 Aug. 2 H SE. W 24 600 442 473 E 0.935
441 W 0.8605 Aug. 2 H SE W 21 100 379 456 E 0.832
6 Aug. 4 H SE, W 23 200 416 492 E 0.846
7 Aug. 5 H SE. W 24 700 443 538 E 0.824
8 Aug. 5 H SE, W 15 300 275 360 E 0.764
*SE, maximum possible quantity coursed to southeast section of the mine; SE., door 2 open;
SE,, door 1 partly open.
+Net center velocity pressure range 90-129; indexes bad (78-108)
tNet center velocity pressure range 29-54, average 37; indexes bad (184-148)
19. Quantity Measurements at E,.-This section is located in the
eighteenth east entry about 20 feet outbye an open crosscut, of which
there are 'two inbye the section, between the seventeenth and eighteenth
east (Fig. 15). Its outlines and scheme of subdivision with the
velocity distribution during traverse 2 E, are shown in Fig. 18. Three
traverses were run here, each being simultaneous, point for point, with
a traverse at section D3 . The first two were duplicate traverses with
the maximum possible quantity flowing through D, and E,, quantities
of 16 600 and 16 700 cubic feet per minute being measured at section
E,, at a mean velocity of about 250 feet per minute. The third traverse
was made at a much lower quantity, 12 400 cubic feet per minute.
These results are listed in Table 9 with the results of the simul-
taneous traverses at D. for purposes of comparison. In the first set,
the quantity at D3 exceeded that at E1 by 6600 cubic feet per minute,
which represents a leakage of 29 per cent of the air at section D,
through the stoppings between the seventeenth and eighteenth east en-
tries, assuming the quantities to be correctly determined. In the
second set the quantity at D, exceeded that at E, by 8000 cubic
feet per minute, which is 32 per cent of the upstream quantity. In the
third set, run at about two-thirds the quantity of the other two sets,
the quantity at Ds was 2900 cubic feet per minute greater than that
at E,, representing a leakage of but 19 per cent of the initial quantity.
As there are 12 stoppings between section D, and E,, these results
represent an average leakage of practically 21 per cent of the incom-
ing air at each stopping at the higher velocities, and 1Y per cent per
stopping at the lower velocity.
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It is, however, obviously incorrect to assume a uniform distri-
bution of this leakage among the different stoppings for several rea-
sons. Chief of these is the likelihood of great variations in the leakage
of individual stoppings, due to differences in construction, deteriora-
tion, etc. There is also a sound theoretical basis for calculating a non-
uniform distribution of leakage due to different static pressure differ-
entials across successive stoppings. It is felt, nevertheless, that any
attempt to estimate the actual leakage through each stopping would
be unwarranted. so the uniform leakage distribution has been arbitrari-
ly adopted as a matter of convenience in calculating quantities and
energy losses in the various resistance units.
20. Quantity Measurements at Sections F, and G.- Section F,,
which is in the sixteenth east, was traversed four times under varied
conditions of air flow, as shown in Table 9. The quantities vary from
a maximum of 31 000 cubic feet per minute with the air coursing most
favorable for a high quantity at section F,, to only 11 800 cubic feet
per minute at approximately normal air flow. Two other traverses
gave quantities of 27 100 and 27 600 cubic feet per minute respective-
ly. The center constant -(".) was determined in the first three tra-
verses, being a little more than one in each case.
Section G is also in the sixteenth east and is but 20.7 feet down-
stream from section F, (Fig. 15). It is situated on a long flat-topped
pile of fine coal debris, and has an area (41.8 square feet) but two-
thirds as great as that of section F, (68.4 square feet). For this rea-
son it was subdivided into 18 subsections rather than 20, the standard
adopted for the other traverse sections in the mine. Nevertheless, the
traverse network covered a little more of the cross-sectional area at
section G (59.5 per cent) than at F, (57 per cent).
Three traverses were made at this section, each simultaneous with
a traverse of the corresponding number at section F,. A comparison
of the quantities obtained is given in Table 9, which shows that a
substantially higher result was obtained for section F, than for section
G in each case, the excess at section F, being 10 per cent or more of the
quantity in the first two traverses, but. only two or three per cent in
the third.
Since there is no crosscut or other probability of leakage between
the two sections, it is evident that the same amount of air flows
through each. However, since section G is on a "gob" pile, it is possi-
ble that some air filters through this loose material and escapes meas-
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TABLE 9
SIMULTANEOUS TRAVERSES, LOW-VELOCITY ZONE
Tray.
No.
61
Section
Aug. 4
Aug. 5
Aug. 5
Aug..11
Aug. 13
Aug. 15
Aug. 16
Aug. 17
*These traverses were made at high fan speed with identical air coursing.
Leakage
per cent of
upstream
quantity
29
32
19
urement in the section proper. The cross-sectional area of this pile in
section G is about 25 square feet and if one-third of this is considered
as free space available for air travel, we must assume, in the case of
the first traverse, a quantity of 3300 cubic feet per minute flowing
through the gob pile at a mean velocity of about 400 feet per minute,
which is about two-thirds the mean velocity of the air flowing through
section G proper. In view of the enormously high resistance encoun-
tered by air flowing through such restricted and tortuous channels at
that velocity, it seems highly improbable that such a condition actually
existed, and that the discrepancies between the two quantities at Fi
and G must be attributed to errors inherent in the characteristics of
air flow through these two sections, and in the method used for quan-
tity determination. This is further indicated by the fact that in tra-
verse 1 a 10 per cent excess in quantity was registered at F, while
in traverse 3 at a quantity but little lower (27 100 against 31 000
cubic feet per minute) an excess of only about one per cent was
Air Quantity
cu. ft. per min.
23 200
16 600
Excess 6 600 at Da
24 700
16 700
Excess 8 000 at D 3
15 300
12 400
Excess 2 900 at Ds
31 000
27 700
Excess 3 300 at FI
11 800
10 600
Excess 1 200 at Fi
27 100
26 400
Excess 700 at Fi
27 600
17 400
Excess 10 200 at Fj
18 400
15 600
Excess 2 800 at J
Ds
Ei
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FIG. 19. ISOVEL DIAGRAM, TRAVERSE 1, SECTION F1
FIG. 20. ISOVEL DIAGRAM, TRAVERSE 1, SECTION G
found. Section G was established for the purpose of comparing the
results of the measurement of a given quantity through two quite dif-
ferent sections, one of which is fully 50 per cent larger than the other,
and it seems necessary to conclude that some factor or factors, such
as differences in mean velocity, conditions of approach or departure,
or of subdivision, etc., so affected the results in this particular case as
to permit major discrepancies between the two results.
The velocity distribution in each section for traverse 1 is shown
in Figs. 19 and 20.
21. Quantity Measurements at Section H.-Section H is in the
last open crosscut between the fifteenth and sixteenth east and corre-
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FIG. 21. IsovEL DIAGRAM, TRAVERSE 1, SECTION H
sponds to section E,, in that it was located here to give a measure of
the leakage through the thirteen stoppings and one door between the
two entries.
Its outlines, subdivisions, and velocity distribution for the one
traverse made there are shown in Fig. 21. This traverse was made
simultaneously with traverse 4 at section F, and gave a quantity of
17 400 cubic feet per minute, whereas the quantity at F1 was 27 600
cubic feet per minute. This indicates a leakage of 10 200 cubic feet
per minute or 37 per cent of the main quantity; which is at a rate of
a leakage of about 2:5 per cent of the total quantity through each
crosscut between the two entries. This is in agreement with the cor-
responding determination of leakages between the seventeenth and
eighteenth east, at the higher quantities.
22. Quantity Measurements at Sections J and K.-These two sec-
tions, which are almost equal in area, are located just inbye the sec-
ond southeast air course on the fourteenth and thirteenth east entries,
respectively (Fig. 15), so that exactly the same quantity flows through
each, the intention being to check the measurement, of a given quantity
at two different sections at the same mean velocity. Lack of time pre-
vented making more than one pair of simultaneous traverses at the
two sections, which is unfortunate, as the two quantities obtained
(18 400 cubic feet per minute at section J, and 15 600 cubic feet per
minute at section K) differ from each other by more than 16 per cent
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FIG. 22. ISOVEL DIAGRAM, TRAVERSE 1, SECTION J
FIG. 23. ISOVEL DIAGRAM, TRAVERSE 1, SECTION K
of their mean (17 000 cubic feet per minute), a discrepancy which in
this case can only be attributed to errors in measurement, because the
only means of return of the air flowing through section J is through
section K. The difficulty probably lies chiefly in the relatively large
inaccuracies involved in measuring the low velocity pressures encoun-
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tered at such low mean velocities (about 200 feet per minute; velocity
pressure = 0.0025 inches of water). By further work at these sections
it might have been possible to reduce the discrepancy considerably, al-
though it is undoubtedly affected by the different air distribution, as
shown by the isovel diagrams for the two traverses given in Figs. 22
and 23.
23. Panel Energy Losses.-The energy loss incurred in coursing
the air through a room panel, or through a group of developing panel
entries, was determined in connection with the measurement of the
quantities in the low velocity zone.
The most extensive panel system for which the energy loss was
measured is that situated on the first and second southeast inbye the
eighteenth east and west entries, lying between static sections D1 and
D, (Fig. 15). This includes two pairs of side entries (nineteenth and
twentieth, east and west) each driven nearly 500 feet from the cross
entries (first and second southeast) which, in turn, extend more than
1100 feet beyond sections D1 and D 2. The length of air travel as it is
coursed through this system is 4100 feet, about 20 stoppings and three
or four doors being passed in this distance. No room work has been
done in this panel save for the starting cuts at each room neck. The
energy loss in this unit was measured during traverse 5, section D 3 at
a quantity of 21 100 cubic feet per minute and found to be 20 100
foot pounds per minute for the panel. Two other determinations were
made at lower quantities determined only by center velocity pressure
readings at section D, which gave energy losses of 16 600 and 8500
foot pounds per minute at respective quantities of 19 800 and 16 800
cubic feet per minute. These results are shown in Fig. 24 where the
energy loss per 1000 feet of entry is plotted against quantity, the three
points being represented by a line whose equation is
Energy loss for D1-D, =260 ( 1 3. 9) ft. lb. per min. per 1000 ft.
There was a loss of nearly 0.2 inch of water across the panel at the
maximum quantity.
The second panel consists of the seventeenth and eighteenth east
entries off the second southeast and is included between sections
D 3 and D,. As shown in Fig. 15 no room work has been done in this
panel either, save for the cutting of room necks. The panel entries
have been driven a little more than 1000 feet from the cross entry,
the last two crosscuts having been left open. The eighteenth east
entry, Figs. 25 and 26, was untimbered except for some short stretches,
and clear except for one minor fall a few feet inbye section D3. The
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FIG. 24. ENERGY LOSSES IN PANELS
seventeenth east was heavily timbered with props and was obstructed
by numerous falls, some of them quite large (Fig. 27). A number of
energy loss determinations were made for this unit D. to D., some in
connection with traverses at section D3 , others in which only center
velocity pressure readings at this section were available for estimating
quantities. The results are shown in Fig. 24 where the losses per 1000
feet are plotted against quantity. While they are rather scattered, due
probably to errors in quantity, they are fairly well represented by
the average line drawn, whose equation is
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FIG. 25. UNTIMBERED PORTION OF 18TH EAST ENTRY
Energy loss for D,-D, = 1300 -(Q o0 J ft. lb. per min. per 1000 ft.
This average line lies well above the D,-D, line, indicating a
higher rate of energy loss from D, to D, than in the latter unit, a fact
which must be largely attributed to the obstructions in the seventeenth
east, as both panels were similar save for that condition and the op-
portunity for greater leakage in D,-D. due to the larger number of
stoppings. This point, is discussed more fully later (p. 50). At the
moderate quantity of 15 000 cubic feet per minute the losses per
1000 feet between D, and D, (4600 foot pounds per minute) are vir-
tually 3.5 times as great as those between D, and D, (1300 foot pounds
per minute). The total pressure loss noted across this panel ranged
from less than 0.1 inch of water at normal air flow to about 0.3 inch
of water at the highest quantities obtained. These are appreciably
greater than the pressure losses from D1 to D. at like quantities in
spite of the fact that the distance traveled (4100 feet) in the latter
unit, D,-D,, is more than twice as great as that from D 3 to DG (1830
feet).
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FIG. 26. THE 18TH EAST ENTRY AT SECTION E&
The third panel studied, the fifteenth and sixteenth east off the
second southeast, F1-F 2, differs from the other two in that it was
about half worked out (Fig. 15), all of the 21 rooms on each entry
having been advanced about equally, the average room depth at the
time of this work being 145 feet. Presumably there was one open
crosscut between any two adjacent rooms, to facilitate the flow of air
through the panel. Energy losses in this panel were determined at two
different quantity ranges, averaging about 28 000 and 12 000 cubic
feet per minute, respectively. The results for the higher group are
reasonably consistent considering the uncertainties encountered in
measuring the low velocity and static pressures involved. Three de-
terminations at the lower quantities gave such discordant results,
however, as shown in Fig. 24, where the energy loss per 1000 feet is
plotted against quantity, that in attempting to draw a representative
line it seemed best to disregard the two values at low quantity which
were dependent only on center velocity pressure readings for quantity,
and accept only the result which accompanied a full traverse. The
accepted line has the equation
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FIG. 27. TIMBERING AND A FALL, 17TH EAST ENTRY
Energy loss for F,-F, == 330 1- ft. lb. per min. per 1000 ft.
10 000
It is nearly parallel to the line representing the losses per 1000 feet
between D, and Dp,. However, in absolute value, the F,-F2 losses per
1000 feet of entry are only about one-fourth as great as the former,
and are about 10 per cent less than those between D, and D, at
15 000 cubic feet per minute, the relative difference increasing with
increasing quantity, due to the marked steepness of the curve for the
latter losses.
Since both panels D,-D, and FI-F, are untimbered and com-
paratively free from falls, the essential difference between them lies in
the presence of rooms in the latter and their absence in the former.
Lower losses are, of course, to be expected where rooms with open
crosscuts between them are present to provide more passageways for
the air. However, a reference to the map, Fig. 15, shows that there
was opportunity for more leakage in D -D, than in F1 -F,, due to the
greater number of stoppings and doors in the longer length of entry.
This means that the energy loss per unit length of DI-D, is less than
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it would have been had the total length been about that of F,-F,, for
with greater leakage a lesser quantity of air flows through the entire
length of entry. Had it not been for the falls and timbering in the
seventeenth east, the comparison of energy losses between D,-D, and
F1-F, would have given a truer illustration of the effect of rooms in
decreasing energy losses than does the comparison between D1-D,
and F,-F2 .
The total pressure loss in unit F,-F, ranged from 0.02 inch of
water at normal air flow to 0.12 inch of water at the highest quantity,
27 500 cubic feet per minute.
The fourth and final panel studied lies between traverse sections
J and K on the fourteenth and thirteenth east entries off the second
southeast, respectively. These entries are also untimbered with a few
minor falls, and correspond closely to the preceding (F) panel save
that when this work was done the rooms had all been driven their full
length, 300 feet, with the result that three or four crosscuts were open
between adjacent rooms, a condition which should make for still lower
energy losses than were found in previous panels. While only two
energy loss determinations were made in this panel, one at a quantity
of about 17 000 cubic feet per minute and one at less than 10 000
cubic feet per minute, with high probable errors in each, the corre-
sponding energy losses are well below any other panel losses found,
being 1060 and 89 foot pounds per minute per 1000 feet of entry,
respectively. Plotted with the other losses in Fig. 24 they determine
a line whose equation is
Energy loss for J-K= 130 Q1OO ft. lb. per min. per 1000 ft.
This line has a slope practically equal to that for D,-D 2 (3.9) but
the losses from J-K are but half as great as those from D,-D, at a
given quantity, being 650 foot pounds per minute per 1000 feet of
entry at a quantity of 15 000 cubic feet per minute; a value which is
also well below that of 1200 foot pounds per minute per 1000 feet
between sections F, and F 2 at the same quantity. The two total pres-
sure losses observed for unit J-K were 0.004 and 0.033 inch of water
for the lower and higher quantities, respectively.
24. Straight Resistance Units.-Two straight resistance units were
established in the second southeast between the sixteenth and seven-
teenth east (Fig. 15). The upstream unit D,-D, is 124.5 feet in length
with a mean cross-sectional area of 73.3 square feet. Its upstream end
is about 25 or 30 feet below the junction of the second southeast and
the seventeenth east where the air makes a right-angle bend. The unit
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FIG. 28. PART OF TIMBERED UNIT D,-D 8
includes two crosscuts and is timbered with two rows of 8- to 10-inch
round props, staggered, 7 to 8 feet apart in the row (Fig. 28). Each
row is about 1.5 feet from the entry center line. There were occasional
extra props. The roof is fairly regular and there was little debris on
the floor.
Seven determinations of the energy losses in this unit were made
at quantities varying from 17 000 to 25 000 cubic feet per minute in
conjunction with the traversing at section D3. Since there was audible
leakage of air into the unit through each of the two stoppings sep-
arating it from the first southeast, and also an additional slight in-
leakage through the stopping on the second southeast between the
seventeenth and eighteenth east, the quantity in this unit was not
only greater than that at D, but increased at each of the two cross-
cuts. Since the leakage at the stopping in the second southeast was
scarcely audible, it was disregarded, and the quantity at D7 taken
equal to that at D3, while this was increased 5 per cent for the quan-
tity at D, on the assumption of a 21/2 per cent in-leakage at each of
the two stoppings between the first and second southeast. While this
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correction is clearly in the right direction, there is little basis for judg-
ing the magnitude of the leakages and the 5 per cent estimate must be
looked on as little better than a guess. The energy losses were com-
puted by the method previously employed where leaks or splits were
involved (pp. 33-34), and the results plotted logarithmically, Fig. 14,
against the mean quantity flowing through the unit. Only one point is
out of line, which is rather surprising in view of the roughness of
the leakage estimate and the fact that most of the quantities were
based on center velocity pressure readings at section D3. The average
line has the equation
Energy loss for D,-D, = 140 Q1 ) ft. lb. per min. per 100 ft.
Since the exponent is so high, k changes rapidly with quantity,
being 200 X 10- 10 at a quantity of 15 000 cubic feet per minute and
295 X 10- 10 at 30 000 cubic feet per minute.
The second straight unit is adjacent to D,-D, running down-
stream along the second southeast for 345.2 feet from section Ds to D,
(Fig. 15). Its mean cross-sectional area is the same as that of unit
Ds-D,, and it is quite like that unit in physical characteristics save
that it is entirely untimbered. The unit has four crosscuts, one at 45
degrees rather than at 90 degrees. In this case, the leakage is out of
the unit at each crosscut, rather than into it, so the quantity decreases
as each crosscut is passed. Eighteen energy loss determinations were
made here at quantities ranging from 12 400 to 33 600 cubic feet per
minute. Seven were made while traversing at section D,. The re-
mainder were made in connection with work at section F1 . The same
assumption as to leakage at each crosscut was applied here as before,
calculations being based on 10 per cent less air at D, than at Ds,
4 crosscuts each at 2%/2 per cent leakage. With quantities determined
at D3, this gives 5 per cent more air at section D8 than at D3, as for
the previous unit, and hence 5 per cent less at section D 9 than at D3.
For work done at section F1 , the quantity at D, was assumed equal to
that at section F1 , ignoring the slight leakage through the stopping be-
tween the fifteenth and sixteenth east on the second southeast (Fig.
15), and that at D8 10 per cent greater accordingly.
The losses are shown graphically in Fig. 14 where the points,
though rather scattered in some regions, are represented by the line
whose equation is
Energy loss for D8-D 9 = 65 (10 000) ft. lb. per min. per 100 ft.
The scattering of the points is rather to be expected due to high prob-
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TABLE 10
RESISTANCE DUE TO EMPTY CARS
Unit Fa-F 4 ; length = 408 ft.; mean area = 75.6 sq. ft.; air quantity = 28 000 cubic feet per min.
(1) (2) (3) (4) (5) (6) (7)
Static Energy Loss Equivalent Equivalent
Test No. of Pressure Energy Loss Excess due Length of Length per
No. Cars Difference to Cars Excess Car
in. of water ft. lb. per min. ft. lb. per min. ft. ft.
1 0 0.017 2 770*
2 6 0.031 4 860 2 090 310 52
3 12 0.043 6 580 3 810 560 47
4 24 0.058 8 850 6 080 900 38
5 37 0.082 11 900 9 130 1 350 36
2770
*Energy loss per foot of clear entry -= = 6.8 ft. lb. per min.
Column 5 = column 4 - 2770 ft. lb. per min.
Column 6 = column 5 + 6.8 (energy loss per foot of clear entry).
Column 7 = column 6 - column 2.
able errors in leakage estimates and the uncertainties in quantities
determined by center velocity pressure readings only, as were a num-
ber of these.
It is apparent from a glance at the chart that these losses per 100
feet of entry are so much lower than those in the timbered unit
(D,-D,) that the difference cannot be attributed to the possible 10
or 20 per cent error in quantities, but is obviously due primarily to
the absence of props in the downstream unit. Since the exponent in
the equation of losses in this unit is virtually 3, k changes impercepti-
bly with increasing quantity, being 71 X 10-10 at 15 000 cubic feet
per minute. Thus the losses in the untimbered entry are roughly but
one-third as great as those in an equal length of the timbered entry.
25. Miscellaneous Observations.-A short series of tests was made
in the straight untimbered unit F,-F 4 (Fig. 15) to determine the added
resistance due to the presence of empty mine cars. The cars used in
this mine have an end area. of about 16 square feet which is 21 per
cent of the mean cross-sectional area of the unit (75.6 square feet),
and are about 10 feet, center to center, when in a trip. The tests
were made at a practically constant air quantity, averaging nearly
28 000 cubic feet per minute, the cars being connected together in trips
which were approximately centered in the unit. The results are shown
in Table 10.
It will be noted in comparing test 3 with test 2 and test 4 with
test 3, that the equivalent length of clear entry represented by each
car decreases at a rate of nearly one foot per car for each car added
but that this is not true as between tests 5 and 4. The aim in test 5
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was to get as many cars as possible into the unit and still have the
resulting losses registered completely within the end sections F, and F,.
It was thought that the cars could be set rather close to the static
tubes at the low velocities prevailing, the actual clearances with the 37
cars used in test 5 being 16 feet on the upstream end of the trip and
24 feet on the downstream end. Judging from the apparent incon-
sistency of the results with those of the previous tests, it seems proba-
ble that one of these distances was too short, or possibly both were.
However, other factors may have entered in, such as inequalities
in cross-sectional area at the ends of the trip in different tests, etc.
Nevertheless, there is an unquestionable decrease in the effect of each
additional car as more cars are added to the trip. This condition is
to be expected, since one car presents the same reduction in cross-
sectional area at its ends as does a trip of cars at its ends, the added
resistance of a series of cars being due to the introduction of new
rubbing surfaces parallel to the flow of the air and additional trans-
verse obstructions at the car ends and trucks.
The effect on the quantity of air flowing of the opening or closing
of doors may be of some interest. As was previously pointed out
(p. 38), the quantity at section D, was increased about 10 per cent
by opening door 2, thereby permitting most, if not all, of the air to
enter the eighteenth east directly from the eighteenth west, without
passing through the south panel lying between D, and D2 .
At section F1 the following results were obtained with the fan at
high speed and the air coursed to the southeast part of the mine,
traverse results only being considered: With normal coursing below
section F, the quantity at F, was 27 100 cubic feet per minute. By
opening doors 6 and 7 and short circuiting the thirteenth and four-
teenth east panel, a panel of very low resistance, the quantity at F,
was increased slightly to 27 600 cubic feet per minute. By opening
door 5, which shorted the air across the fifteenth and sixteenth east
panel, door 7 remaining open, the quantity was increased to 31 000
cubic feet per minute, a change of over 10 per cent.
These changed quantities, caused by short circuiting one or two
small panels, indicate the effect on main currents of what some might
consider minor changes in air coursing, effects that are carried back
as far as to the main split and that unquestionably account for differ-
ent quantity measurements on different days unless there is absolute
certainty that air coursing remains unchanged. Such certainty, as has
been pointed out before, is virtually impossible unless no one but the
test party is in the mine.
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IV. SUMMARY OF CONCLUSIONS
26. Conclusions.-As a result of the investigation the following
conclusions are drawn:
(1) Quantities were measured exclusively by pitot traversing in
this work. Those determined near the air shaft at mean velocities of
700 feet per minute, or higher, were quite consistent, and are evidently
of the same order of accuracy as the work previously reported (Bul-
letins 158 and 170).
(2) Quantities obtained in traversing beneath an undercast, with
abrupt departure and approach, at mean velocities as low as 220 feet
per minute but averaging much higher, were considerably less con-
sistent, with discrepancies in duplicate traverses as high as 5 per cent
of their mean. This is, however, exceptional, the agreement being
better than this as a rule, but clearly less satisfactory than in previous
work, probably due to approach and departure conditions.
(3) A study of the center constant ) at the two high-velocity
sections shows that it varies with quantity due to changes in the rela-
tive velocity through a given point, as shown by the diagrams giving
Vc ratios. The center constant increased with increasing quantity
over the range of velocities investigated at section B, near the air
shaft, and increased to a certain point with increasing quantity at
section A, beneath the undercast, thereafter remaining practically
constant.
(4) Traverses made in ordinary sections farther inside the mine
at mean velocities averaging about 300 feet per minute, but ranging
from less than 200 to 450 feet per minute, usually gave results
well within 5 per cent of the mean for duplicate conditions of air
flow through a given traverse section. However, one pair of traverses
made simultaneously at two similar traverse sections on the same air
current at mean velocities of about 200 feet per minute gave quanti-
ties differing from their mean by more than 8 per cent, while other
simultaneous traverses on one air current at two dissimilar sections
at higher mean velocities gave results differing from the mean quan-
tities of more than 5 per cent. These discrepancies are probably
largely due to inaccuracies in measuring the low velocity pressure
involved and to unfavorable approach conditions. The velocity
pressure corresponding to a velocity of 200 feet per minute is but
0.0025 inch of water. Many individual readings lower than this were
recorded.
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(5) The quantity of air delivered to the working panels inside
the mine under ordinary conditions is surprisingly low, being around
10 000 to 15 000 cubic feet per minute in this case. The opening or
closing of a door might be expected to affect this about 10 per cent
either way.
(6) Estimates of leakages through stoppings were made in two
room panels each about 1000 to 1100 feet long by making two simul-
taneous traverses in each panel, for a given condition of airflow; one
just outbye the first stopping between the two panel entires and the
other inbye the last stopping. The results show that for the normal
mine airflow there was an average leakage of 1.5 per cent of the air
supplied to the panel through each stopping, and that this increased
to 2.5 per cent with increase in quantity. The data are, however, too
meager for general application, as leakages undoubtedly vary widely
for different types and conditions of stoppings.
(7) Added to the errors in quantities were unusually persistent
errors in static pressure drop measurements, the sum of the static
pressure drop readings in a series of consecutive resistance units some-
times failing to equal by a relatively large amount the measured
static pressure drop of the corresponding component unit. This neces-
sitated the adjustment of the entire set of readings to the most prob-
able values which would meet this condition. Such adjustments, how-
ever, merely tend to reduce, not to eliminate, the errors, which are
involved in the subsequent energy-loss calculations.
(8) Energy losses were determined for a large number of resist-
ance units of widely different characteristics.
In the high-velocity zone, the coefficient of friction k for a length
of straight, clean, untimbered entry in coal, taken as representing the
normal entry of this zone, was found to be about 30 X 10- 10, increas-
ing somewhat with increasing quantity.
Similarly, the losses in a length of straight, heavily timbered entry
in coal, having some minor falls, was found to range from seven to
twelve times as high as normal entry losses.
A concrete undercast with abrupt approach and departure occa-
sioned energy losses equivalent to those of from nearly 500 to 300 feet
of normal entry at quantities of from 10 000 to 80 000 cubic feet per
minute, while after the modification of the upstream side by sloping
the roof and sides to give a smooth approach to the undercast, the
corresponding losses ranged from 100 to 200 feet of normal entry,
representing savings of from % to 1 of the losses before modification.
The savings are relatively lower at higher quantities because the
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losses in the normal entry rise at higher rate with increasing quantity
than do those due to the undercast.
A calculation of the total energy losses in the high-velocity zone
of the mine shows them to be about 2.4 horsepower with normal mine
airflow. This is 10 times as great as the losses involved in passing
like quantities of air through equal lengths of normal entry, rather
than through the present entries, a ratio that holds roughly for other
fan speeds as well. If allowance is made for unavoidable additional
losses in splitting, bends, and air crossings, the ratio of actual to ob-
tainable losses becomes more nearly 5 to 1, indicating a saving of
nearly 80 per cent of the energy losses in this zone, or a little less than
2 horsepower, if the air courses were all of the normal type. The mag-
nitude of these losses and the possible savings do not seem large owing
to the rather small quantity of air involved. If the volume were
tripled, requiring at least 27 times the power, then the energy lost in
these few hundred feet of entry would seem much more impressive.
(9) In the low-velocity zone, pressure drops across room panels
were found to range from 0.02 to 0.3 inch of water, depending on the
quantity of air flowing, the size and condition of the panel in question,
etc. Energy losses per 1000 feet of entry at 15 000 cubic feet per
minute in panels comparatively free from falls and timbers were 650
foot pounds per minute for a panel with rooms completely advanced,
1100 foot pounds per minute for one with all rooms about half com-
pleted and 1300 foot pounds per minute for a panel with room necks
only, but with more of an extensive entry system. A second panel
with room necks only, in which one of the two entries was heavily
timbered and partly obstructed by a number of falls, some of them
quite large, gave losses of 4500 foot pounds per minute per 1000 feet of
entry at 15 000 cubic feet per minute, about 3.5 times the loss in the
corresponding panel with clear entries.
Two straight entry units in the low-velocity zone were established
for the measurement of resistance. One unit, timbered with two rows
of staggered posts, gave a friction factor k ranging from 200 X 10- 10
at low velocities to 295 X 10- 10 at medium velocities. The other unit,
a continuation of the former but untimbered, gave values of k of about
73 X 10- 10, changing but slightly with quantity.
Empty cars coupled together in trips standing in an entry in
which the end area of a car was about 20 per cent of the average
cross-sectional area of the entry formed resistance ranging from that
of 52 to 36 feet of clear entry per car, depending on the number of
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cars (6-37) in the series, the higher losses per car accompanying the
lower number of cars.
(10) The data presented herewith and in Parts I and II* of this
investigation serve not only to show the practicability and accu-
racy of the pitot tube method of measuring air quantities and energy
losses, even under rather unfavorable conditions, but are also of value
for the information they give on the resistance of airways. Such data
should assist in the solution of practical problems in mine ventilation,
although much more knowledge is required for the satisfactory work-
ing out of a complete ventilation layout. More information on the
leakage through different types of stoppings, on the energy losses at
bends and splits, and on the losses caused by overcasts is necessary
for the accurate calculation of the distribution of energy losses in an
entire mine or the estimation of the power requirements of a proposed
mine layout.
*Bulletins 158 and 170.
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